We present the Catalog of microlensing events detected toward the Galactic bulge in three observing seasons, 1997-1999, during the OGLE-II microlensing survey. The search for microlensing events was performed using a database of about 4·10 9 photometric measurements of about 20.5 million stars from the Galactic bulge. The Catalog comprises 214 cases of microlensing events found in the fields covering about 11 square degrees on the sky and distributed in different parts of the Galactic bulge. The sample includes 20 binary microlensing events, 14 of them are caustic crossing. In one case a double star is likely lensed.
Introduction
During the past couple of years microlensing proved to be a new and potentially very powerful tool of modern astrophysics. Originally proposed by Paczyński (1986 Paczyński ( , 1991 as a method of searching for dark matter in the Galaxy it has been used for such different applications as searching for planets, determination of parameters of stellar atmospheres, studies of Galactic structure and many others.
After the original reports on discovery of the first cases of microlensing in September 1993 (toward the LMC: MACHO survey - Alcock et al. 1993 , EROS survey -Aubourg et al. 1993 ; toward the Galactic bulge: OGLE survey - Udalski et al. 1993 ) much observing work was done to convince the astronomical community on the potentials of the newly discovered class of events. Soon more cases of classical microlensing in the Galactic bulge were announced (Udalski et al. 1994a , Alcock et al. 1995a , first cases of "exotic microlensing" like binary microlensing (Udalski et al. 1994b) or events with parallax effect (Alcock et al. 1995b) were found. Also first estimates of the observed optical depth to the Galactic bulge were published (Udalski et al. 1994c , Alcock et al. 1995a , 1997a indicating that it is much larger than that predicted from modeling. Many theoretical interpretations of these intriguing results followed (see review by Paczyński 1996) . First interpretation of results of observations toward the LMC was also published (Alcock et al. 1996a) .
Another important step was development and implementation of the so called alert systems (the Early Warning System, EWS, of the OGLE survey - Udalski et al. 1994d and MACHO Alert system - Alcock et al. 1996b ) which allow to detect the microlensing phenomena when an event is in progress. This step changed the observing strategy of microlensing surveys. The ability of detection in real time made it possible to perform follow-up observations, both photometric and spectroscopic, of many events. New kind of microlensing studies, "follow-up" projects concentrated on high time resolution observations of events discovered by survey projects, were formed (e.g., PLANET -Albrow et al. 1998; MPS -Rhie et al. 1999) . From 1995 on, the vast majority of microlensing events have been detected by the alert systems. † The microlensing field of astrophysics matured rapidly and entered the second phase of extensive observations to largely increase statistic of collected microlensing events. Both EROS and OGLE surveys considerably in-creased their observing capabilities in 1996. First microlensing events were discovered in other lines of sight -toward the SMC (MACHO - Alcock et al. 1997b) and in the Galactic disk (EROS -Derue et al. 1999) even as far as 70 • from the Galactic center (OGLE -Mao 1999) . Many interesting results were published by follow-up teams (PLANET - Albrow et al. 2000a ,b, MPS -Bennett et al. 1999 . Up to now one can estimate the total number of registered microlensing events to be about 500.
In this paper we present the catalog of microlensing event candidates detected during the second phase of the Optical Gravitational Lensing Experiment (OGLE-II) in three observing seasons [1997] [1998] [1999] . Although during the OGLE-II phase observations are conducted in many lines of sight only two events were discovered in the directions other than the Galactic bulge so far. ‡ Therefore we decided to limit our catalog to the Galactic bulge events only. Presented microlensing events were extracted from the OGLE-II photometric databases with a technique similar to that applied in the EWS alert system. Great care was paid to achieve the highest possible completeness of the catalog. The Catalog comprises 214 cases of microlensing toward the Galactic bulge.
The main goal of the paper is to provide the astronomical microlensing community with the large set of photometric data of microlensing events for further analysis. Photometry of all objects is available from the OGLE Internet archive (see Section 5). Beside of the typical single mass microlensing cases the Catalog includes several cases of "exotic microlensing", like binary microlensing events etc.
The sample of presented events is already large enough that in spite of possible incompleteness the distribution of microlensing parameters can be studied. In particular we present the first preliminary distribution of the frequency of microlensing in different parts of the Galactic bulge. Studies of such a distribution can provide important constraints on the origin of the Galactic bulge microlensing (bar vs. disk) and in general on the structure of the Galaxy.
Observational Data
All observations presented in this paper were carried out during the second phase of the OGLE experiment with the 1.3-m Warsaw telescope at the Las ‡ 1999-CAR-01 and 1999-LMC-01 see http://www.astrouw.edu.pl/˜ogle for more information on these events. Forty nine driftscan fields were observed, each covering 14.2×57 arcmins on the sky, giving total area of about 11 square degrees. Forty seven of these T a b l e 1 fields were monitored frequently for detection of microlensing events. The two remaining fields (BUL SC45 and BUL SC46) were observed only from time to time, mostly for maintaining phasing of variable stars discovered during the OGLE-I phase of the OGLE survey. Fields BUL SC47, BUL SC48 and BUL SC49 were added to the list of targets in the second observing season, so observations of these fields span seasons 1998 and 1999 only. Table 1 lists the equatorial and Galactic coordinates of the center of each field and its acronym. Also the number of collected frames is provided. Fig. 1 shows schematically location of the Galactic fields in (l, b) and (RA, DEC) coordinate systems. Most fields are located along the regions of smaller interstellar extinction, i.e., large stellar density at b ≈ −3.
• 5 and spanning large range of the Galactic longitude -from l = −11 • to l = +11 • . A few fields are located on the other side of the Galactic equator at positive b. In general the interstellar extinction there is much larger making selection of dense stellar fields suitable for microlensing search much more difficult.
Observations of the Galactic bulge fields were obtained in the standard BVI-bands. The effective exposure time was 87, 124 and 162 seconds for the I, V and B-band, respectively. The vast majority of observations were done through the I-band filter while images on only several epochs were collected in the BV-bands. The instrumental system closely resembles the standard BVI. Although all photometric data of the Galactic bulge will be ultimately calibrated and released in the form of photometric maps (similar to the SMC data: Udalski et al. 1998) in this paper we present only I-band observations. The data are only preliminarily calibrated but uncertainty of the zero points of photometry should not be larger than ±0.05 mag. The median seeing of the entire set of several thousand collected frames of the Galactic bulge is equal to 1. ′′ 29.
Search Algorithm
The Galactic bulge photometric data collected during the OGLE-II survey are naturally divided into separate seasons. We used the I-band photometric data from each season to create databases of non-variable stars in every field. Then we compared brightness of selected non-variable stars with that in other seasons, looking for objects which vary in brightness. Databases of non-variable stars were created for each season, i.e., 1997, 1998 and 1999 separately, and the search for variable objects was performed independently with all possible combination of "non-variable" and "variable" seasons. In this manner we were able to detect inter-seasonal events and verify most candidates by comparison of results in a given season obtained with databases of non-variable stars from two other seasons.
The star entered the database of non-variable objects in a given season when the standard deviation of all observations collected during that season was smaller than the maximum standard deviation of non-variable stars at given magnitude. The latter was determined by analysis of the distribution of the brightness standard deviation of all observed stars in the field. We limited the databases to objects brighter than I = 19.5 mag. The total number of non-variable stars searched for microlensing phenomena in our fields was more than 20.5 millions (about 4·10 9 photometric measurements).
Comparison of number of stars which were included into databases of non-variable stars in different seasons provided information on the actual number of real stellar objects. They were similar to within 5% indicating that only a small fraction of stars in these databases are spurious objects like artifacts in saturated regions of bright stars etc.
Candidates for variable objects were selected by comparison of their photometry with the mean magnitude in the template "non-variable" season. When five consecutive observations were brighter than 3σ limit over the "non-variable" magnitude, such an object was marked for further analysis. The typical 3σ threshold was equal to 0.06 mag for a star of I < 16 mag, 0.20 mag for I = 18 mag and 0.60 mag for the limiting I = 19.5 mag. At this stage we decided to visually inspect light curves of all such candidates to avoid removing non-standard events like for instance caustic crossing binary events. All candidates which displayed more than one episode of brightening (non consistent with microlensing type), turned out to be evident longterm variable stars and those which evidently exhibited spurious variability were removed from the list of candidates. In the next step images taken at the epochs of normal (constant) brightness and near the maximum of brightening were inspected to verify whether the brightening is real. In many cases the brightening was spurious due to proximity of large amplitude variable star etc. Such objects were also removed. We did not checked achromaticity of the brightening. Because of sparse coverage in the bands other than I it would be practically impossible to perform that test for most of our candidates. On the other hand the experience of the OGLE-I phase as well as experience of other teams indicate that in the case of stellar population in the Galactic bulge (contrary to the Magellanic Clouds) there are practically no objects which would mimic microlensing event light curve. Thus, the achromaticity is not that important to extract the real microlensing events from the background of variable stars. Moreover, in the very dense stellar fields of the Galactic bulge blending can cause quite severe deviations from achromaticity making the latter condition not very strong.
We were left with a list of 214 candidates for microlensing events which passed all our tests. They are shown and analyzed in the next Sections.
Catalog of Microlensing Events
The Catalog of Microlensing Events in the Galactic Bulge consists of two parts: the table with basic data of the microlensing event and coordinates of the lensed object and the atlas presenting photometry of the event. Table 2 lists all microlensing event candidates presented in the Catalog. The first column contains the ID of the lensed object in regular OGLE convention i.e., consisting of the field name and database number. In the next column we provide cross identification with the EWS name when the microlensing event was detected in real time. The two next columns contain equatorial coordinates (J2000) of the lensed star followed by parameters of the microlensing event. The latter were calculated assuming point mass microlensing and include the moment of maximum brightness (HJD-2450000), T 0 , time of the Einstein radius crossing, t 0 , magnification at maximum brightness, A max , and I-band baseline magnitude. The final column of Table 2 includes remarks on non-standard events. In particular we note there candidates for binary microlensing. When such a candidate is a typical caustic crossing binary event we do not provide single point mass microlensing fit parameters because they are meaningless in such cases and modeling of light curve requires much more complicated approach. In weak cases of possible binary microlensing single mass parameters are provided. Abbreviations in the remark column have the following meaning: bcc -caustic crossing binary microlensing; bin -possible binary microlensing; dls -binary microlensing or double source star; ble -severely blended event; var -possible variable star.
The atlas of light curves of microlensing events in the Galactic bulge detected during the seasons 1997-1999 is presented in Appendix. We do not provide there finding charts, but they are available electronically from the OGLE Internet archive. Also photometric data of all presented events can be retrieved from there.
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Parameters of microlensing events
Identification EWS RA (2000) DEC (2000 Two hundred fourteen microlensing event candidates were detected in the OGLE-II fields during the observing seasons 1997-1999. Significant number of events from 1998-1999 seasons, i.e., when the EWS alert system was implemented, were detected in real time. Many of these events were then followed up by other groups for detailed study (e.g., 1998-BUL-14, Albrow et al. 2000a) . Because part of the OGLE-II fields overlap with those observed by the MACHO team several events were discovered by both teams. Cross-identification of those discovered by alert systems can be found on the WWW alert pages of both teams while for the remaining objects (in particular all 1997 season events) it can be done using accurate equatorial coordinates provided in this paper and on the MACHO WWW alert page. The sample of OGLE-II microlensing events contains several cases of evident lensing caused by binary object. The sample of characteristic caustic crossing events consists of 14 events. In five additional cases it is possible that the observed light variations are also caused by binary lens. In two cases, BUL SC39 259656 and BUL SC40 434222, two separate microlensing like episodes were detected. These cases might be explained either as due to binary microlensing without caustic crossing or double lensed star. In the latter case the time scales of both episodes should be equal what can discriminate between those two possibilities. Time scales of BUL SC39 259656 episodes are equal to about 15 and 27 days suggesting that this case is a binary microlensing. The second brightening episode of BUL SC40 434222 started at the end of 1999 season but observations collected up to the moment of writing this paper confirm that it can be of microlensing origin (see OGLE EWS WWW page). In this case the time scales are within errors the same (t 0 ≈130 days) suggesting double source star. However, the second episode is still in the rising part of its light curve.
The rate of the binary caustic crossing microlensing toward the Galactic bulge observed in our sample of all microlensing events is equal to ≈ 6.5% while that of all binary microlensing ≈ 9.3%. It is worth noting that this is much more than reported by the MACHO team (Alcock et al. 1999) . On the other hand Mao and Paczyński (1991) in their classical paper on binary microlensing predicted about 10% rate of strong binary microlensing events. The agreement between the predicted and observed rates is very good.
The statistic of collected events toward the Galactic bulge is becoming significantly larger after each observing season. While an accurate analysis requires additional information like efficiency of detection, the number of presented microlensing events is already so large that interesting correlations can be shown. Efficiency of detection of microlensing events depends at least on two factors: time sampling of the microlensing light curve and brightness of the lensed star. Typical sampling of one/two observations per night limits detection to events with sufficiently long time-scale. For fainter lensed stars the 3σ detection threshold is larger, therefore only larger magnification events can be triggered. In Fig. 2 we plot distribution of the I-band baseline magnitude of lensed stars from our sample. The bins are 0.3 mag wide. Dotted line presents the distribution of all events while the bold solid line the one of subsample of events with magnification A max > 1.5. The shape of both distributions indicate that the entire sample of microlensing events is reasonably complete up to I ≈ 18.0 mag while subsample of events with A max > 1.5 up to I ≈ 18.8 mag.
Selection effect due to brightness of the lensed star can also be assessed from impact parameter, u min , plotted against the I-band baseline magnitude. It is clearly seen from Fig. 3 that our sample is quite complete for stars of I < 18 mag and A max > 1.3, i.e., u < 1.0. As can be expected for fainter stars only higher magnification events were triggered. Nevertheless at I = 19 mag the limit of reasonable completeness is still A max ≈ 1.5 (u min ≈ 0.8). Fig. 4 presents distribution of maximum magnification of our entire sample. This parameter ranges from as low as 1.1 up to about 50 (in a few cases the single point mass model predicts extremely large magnifications but because of lack of observations at the very maximum these values are not reliable. In these cases we provide lower limit of magnification resulting from the brightest observation). Below A max = 1.3 incompleteness of our sample is larger -only for brighter stars so low magnification events could be detected. However, the completeness becomes much higher for events with A max > 1.5. The number of events is gradually falling from A max ≈ 1.7 to A max = 7 with a long tail of single events with higher A max . Fig . 5 shows the distribution of the Einstein radius crossing time, t 0 , for our sample of microlensing events. This parameter is also likely to be affected by incompleteness resulting from the sampling of the light curve. Although we have not performed yet detailed analysis of the dependence of detection efficiency on the event time-scale for our entire data set, preliminary tests performed on 1997 databases of constant stars in similar manner as in Udalski et al. (1994c) indicate that the region of reasonable efficiency is extended toward shorter time scales as compared to the OGLE-I phase. For events with t 0 > 8 days efficiency of detection becomes relatively flat, so we may expect that the distribution of t 0 is also relatively complete for events longer than that limit. The distribution of t 0 peaks at t 0 ≈ 17 days with a long tail of longer time-scale events. One should also note a small excess of events with t 0 ≈ 50 days. It was marginally seen in the MACHO data (Alcock et al. 1997a) . The time-scale is plotted as a function of the I-band baseline magnitude in plot.
The spatial distribution of events with different time-scales is presented in Fig. 7 . The total sample was divided into three sub-samples of short (t 0 < 20 days), medium (20<t 0 <40 days) and long time-scale (t 0 >40 days) events. Location on the sky of these three samples in the Galactic coordinates (l,b) is plotted with different symbols in Fig. 7 . If the different time-scale events were to be caused by different populations of lensing objects one could expect some differences in the distribution of our three sub-samples on the sky. However, this does not seem to be true -the distribution of all our subsamples is rather similar. One should be, however, aware of still small statistic of events in the regions at larger |l|. Table 3 lists the average number of stars searched for microlensing events in each of the Galactic bulge fields. In the second column the number of detected events in each field is provided. Because the number of searched stars is different by a factor of more than four in our fields, we normalized the observed number of microlensing events in each field to one million stars. Normalized number of events is listed in the last column of Table 3 . Finally, because we typically observe two slightly overlapping driftscan fields in a given part of the Galactic bulge (see Fig. 1 ), we averaged the normalized numbers of events in such adjacent fields to increase statistic. Table 4 lists our 24 lines of sight in the Galactic bulge with their Galactic coordinates and the average number of observed microlensing events per one million stars during seasons 1997-1999 (the total span of presented observations is about 940 days, i.e., 2.58 years). contribution of the Galactic disk stars to the stars searched for microlensing events. On the other hand one can expect that these factors are in the first approximation similar in so uniformly observed fields. Also the spatial distribution of the time-scale of events is similar. Therefore the normalized number of events is likely a crude approximation of the optical depth.
As one can expect the number of events is a strong function of the Galactic latitude. It falls by almost an order of magnitude when b changes from b = −1.
• 3 to b = −6 • (at l ≈ 0 • ). It also changes with the Galactic longitude. The numbers of events observed in the fields at b≈ −3.
• 5 indicate that the there is a clear dependence on l -the number of events falls by a factor of 2-4 at |l|≈10 • as compared to l =0 • . It seems that there is a slight asymmetry with larger number of events at negative l. The clear dependence of the number of microlensing events on l strongly suggests that the majority of microlensing events are caused by lenses located in the Galactic bar rather than in the Galactic disk.
At positive b the number of microlensing events in the line of sight located T a b l e 4
Average number of microlensing events in the Galactic bulge at l = 0.
• 4, b = 3 • is consistent with that observed at negative b but one can notice possible excess of events at l = 5.
• 3, b = 2.
• 7.
Looking at the numbers presented in Fig. 8 and Table 4 one should be aware of the possible bias resulting from somewhat different time sampling of some fields. While the numbers of observations in most fields are similar there are six fields with about 40% larger number of analyzed frames (see Table 1 ). These were the fields located closest to the Galactic center and they were observed with frequency of 3-5 observations per night during a part of the 1997 season for ultra-short time events. No such events (time scale t 0 <2 days) were, however, found. Nevertheless, the number of detected microlensing events can be larger in more frequently observed fields resulting in somewhat overestimated ratios between the number of microlensing events close to the Galactic center and in other directions.
We estimated the possible magnitude of this effect by comparison of the median time scale, t 0 , of events from the least-, medium-and most-frequently observed fields. One could expect that for the most frequently sampled fields, the efficiency of detection is much higher for short time scale events and the median t 0 of that subsample should be significantly shorter than that of the remaining subsamples if the bias is strong. However, the median t 0 is equal to 17.0, 21.5 and 19.7 days for the most-, medium-and least-frequently sampled fields, respectively. The differences are small indicating that the bias is also small and can be in the first approximation neglected. It would be certainly much stronger if much larger part of events had very short time scales.
It is interesting to compare our empirical results with the modeling predictions. We used the map of the optical depth for the Galactic bar calculated by Stanek et al. (1997) to derive the optical depth in our lines of sight. Contribution of the Galactic disk in these directions was taken from Kiraga (1994) and added to the contribution of the Galactic bar. Fig. 9 shows the relation between the model optical depth and the observed number of microlensing events per one million stars in our lines of sight. The correlation between both values is clearly seen. The slope of the relation is equal to 0.86 ± 0.11 giving a crude calibration between the observed num- bers and the optical depth. However, one should also note the potential problem -the linear relation does not cross the (0,0) point. This may indicate that the ordinate in Fig. 9 is not that simply related with the optical depth and the observed normalized number of events is a function not only of the optical depth but also of an additional factor like, for instance, spatial dependent efficiency of detection. Another possibility is that the model underestimate significantly the optical depth close to the Galactic center. In general, however, Fig. 9 indicates that models of the bar might provide a reasonable approximation of the Galactic bulge structure and that the microlensing will be a very powerful tool in further constraining the Galactic bulge properties when significantly larger statistic of events is collected. While Fig. 8 can provide a first outlook on the distribution of microlensing events in the Galactic bulge one should be aware that this is only the first approximation. The statistic of microlensing events, in particular in the fields with larger |l|, is still small. Observations with the same set-up will be continued during the next observing season (2000) providing about 60-70 new cases of microlensing events. After that a large instrumental upgrade to the OGLE-III phase is planned by implementation of a new mosaic CCD camera. This will increase the number of discovered events by a factor of 3-5 leading to fast increase of the statistic of Galactic bulge events. Also larger area of the Galactic bulge will be monitored. It is also planned to reanalyze the OGLE-II photometric data with new techniques like image subtraction method. It would allow to get rid of blending effect uncertainties. By limiting to well defined population of the Galactic bulge stars like for instance red clump giants it will be possible to provide much more accurate information on the optical depth distribution in the Galactic bulge in the near future.
The Catalog of Microlensing Events in the Galactic Bulge and all photometric data presented in this paper are available now to the astronomical community from the OGLE Internet archive: 
